There is a hint that the observed velocity dispersion falls off at large radius.
INTRODUCTION
Since stellar radial-velocity accuracies of better than 1 km s −1 have been attained at several observatories (e.g. Griffin & Gunn 1974; Latham 1985; Mayor 1985; McClure et al. 1985) , studies have been undertaken to determine membership and binary frequency in open clusters, as well as to estimate cluster velocity dispersions. With the information on both the membership and the binary stars in those clusters, constraints on stellar evolution, such as the effect of overshooting, can be improved. From the extensive observations of the red giants in open clusters of various ages, typical spectroscopic-binary frequencies in open clusters range from 25% to 50% (Mermilliod & Mayor 1989 , 1990 Mermilliod et al. 1995 Mermilliod et al. , 1996 Mermilliod et al. , 1997 . Abt & Willmarth (1996) note that the frequency of binaries changes in open clusters whose ages range from 1 × 10 6 to 5 × 10 8 year, in the sense of increasing with age.
The velocity dispersion of the cluster giants is usually ≤ 1 km s −1 , which is consistent with simple virial-theorem estimates, so that it is difficult to study the dynamics of open clusters based on observations with a precision ∼1 km s • 49, b = −5.
• 36, and has an age ∼1.6 Gyr. Its color-magnitude diagram (CMD) shows a well-defined red-giant branch, and a populous red-giant clump, along with a large population of blue straggler stars. The individual giant stars have been used to derive the basic parameters such as reddening, metallicity, effective temperature, surface gravity or masses through various photometric and spectroscopic studies: UBV iyz photometry (Jennens & Helfer 1975) ; DDO and UBV photometry (Janes 1977; Clariá 1979) , UBVR photometry (Coleman 1982) , Washington photometry (Canterna et al. 1986 ) and also moderate-and high-resolution spectroscopy (Pilachowski 1985; Sneden & Pilachowski 1986; Thogersen et al. 1993 ). An extended proper-motion membership analysis of NGC 7789 (McNamara & Solomon 1981) identified 679 probable member stars down to B ≃ 15.5 mag (M v ≈ 2.1) and -4 -found the existence of an extensive halo composed of low mass stars. The membership of some giant stars was addressed by the radial-velocity studies of Thogerson et al. (1993) and Scott et al. (1995) .
In the present paper, for clump stars and more luminous giants in NGC 7789, we provide radial velocities with which we can identify membership and determine the spectroscopic binary frequency. However, the data are not extensive enough to obtain orbital elements for the proposed binary stars. Some new red giant candidates identified from CCD photometry
by Gim (1998) were also measured to assess their membership based on their radial velocities.
The observations and data are presented in section 2, and analysed in section 3, and the results are summarised in section 4.
OBSERVATIONS and DATA
Radial-velocity observations for NGC 7789 were initiated by McClure and Hesser in 1979 with the cross-correlation radial-velocity spectrometer (RVS) at the coudé spectrograph of the Dominion Astrophysical Observatory (DAO) 1.2-m telescope. A detailed description of the DAO RVS is given by Fletcher et al. (1982) and McClure et al. (1985) . We summarise here some points important to this project.
The RVS, following the principle of the Cambridge photoelectric radial-velocity spectrometer (Griffin 1967) , includes a transmissive spectral mask, a Fabry lens and a photomultiplier. Unique designs for the Fabry system and spectrum mask make it possible to observe radial velocities of stars down to ∼16.0 B magnitude at the DAO 1.2-m telescope (McClure et al. 1985) .
The K star mask used contains 454 stellar and 14 comparison lines, covering the wavelength range from 4332Å to 4765Å and was based on the spectrum of Arcturus. Two image -5 -slicers were used for the observations: IS32B and ISRVS. The former has smaller guiding errors at times of good seeing but admits less light.
Comparison observations of a Cd-Ar source were obtained about every 30 -60 minutes during each night in order to correct the zero point drift, which was usually less than 1 km s
except for a few nights having a drift of unknown origin up to 3 km s −1 . Typically, about 10 radial-velocity standards as well as the twilight sky were observed every night to tie our observations to the IAU system. Cluster star exposure times were from ∼15 minutes to ∼30 minutes, depending on the faintness of the stars, seeing and transparency. Scan widths were mostly ∼18 km s −1 for cluster stars. Normally, this scan range covers over two-thirds of the cross-correlation dip, and the radial velocity is calculated using a parabolic function fit to the dip.
The RVS data reduction procedure after observing is straightforward. The comparison velocity is plotted against the universal time (UT) and is subtracted from the stellar velocities for the time of observation. Secondly, a correction is made to the standard velocities of the DAO RVS system using radial-velocity standard values compiled by McClure. These provide improved individual velocities, and agree in the mean with the standard values published by Fletcher et al. (1982) . From the precision of the measurements, the internal error of the observations is better than 0.4 km s −1 for stars brighter than B = 9.0 magnitude. Fletcher et al. (1982) and McClure et al. (1985) addressed the fact that the size of the slit entrance and the seeing are two factors affecting random error.
Overall, 597 observations for 112 stars were obtained on 71 nights from 1979 to 1996 (see Table 1 ). The Julian date, radial velocity and internal error for each star are shown in Table 2 (for star IDs, see Table 3 below). For the analysis below, we have omitted seventeen -6 -observations with errors ≥ 1.0 km s −1 and three other observations which seem to be dubious.
The radial-velocity data are summarised in Table 3 , as follows: columns 1-3, star idenfications: Küstner (1923) , McNamara & Solomon (1981) and Gim (1998) ; columns 4-5, V and V − I photometric data from Gim's (1998) CCD photometry; columns 6-11, the weighted mean velocity, the standard deviation of the mean, number of days between first and last observations, the number of observations used in the statistical analysis, the ratio E/I of the external over internal (expected) errors and the probability P(χ 2 ) (see below); columns 12-14, the membership probability by proper motion (McNamara & Solomon 1981) and by radial velocity (Scott et al. 1995) , and our own membership assessment from this study. A detailed discussion of the membership assessment appears in the next section.
It is also worthwhile to note several points about the errors and the radial velocity statistics. The errors in Table 2 based on photon statistics will underestimate the standard deviation of the mean. Therefore the value of a typical RVS observational error for stars brighter than 9.0 magnitude where photon statistics are negligible, 0.4 km s −1 , is added in quadrature to each error in Table 2 before doing the statistical analysis. All weights are 1/error 2 . The P(χ 2 ) is the probability that the velocity variations are due to random observational errors. This is estimated by assuming that the errors have a Gaussian distribution and are purely statistical. A low P(χ 2 ) value suggests the star is affected by another source of velocity variation, and most probably it is spectroscopic binary.
RESULTS and DISCUSSION
Member stars are subdivided into three groups in this study: members with constant velocity (MC), members with variable radial velocity (MV), and members with one or no radial velocity data measurements in the present study (M). Fifty-three stars are classed -7 -MC based on P(χ 2 ) ≥ 0.01 and the proper motion membership probability P(µ) > 80%.
Twenty-five stars are classified as MV because they have P(χ 2 ) < 0.01 (which means that their errors come from a non-random source with 99% confidence) and because they have P(µ) > 80%. Although K977 has P(µ) = 0%, it is classified MV because of its location on the CMD giant branch, and its mean velocity in the present study, which is consistent with that of the cluster. Eleven stars with only one observation are also taken as members (M).
All these stars have P(µ) > 70% and their velocities are within 4.7σ of the mean cluster velocity. Three of them are considered radial velocity members by Scott et al. (1995) .
Seventeen stars are non-members (NM) since they have P(χ 2 ) > 0.01 and P(µ) < 50%.
These stars are all lie over 7.1σ away from the mean cluster One NM star, K1149, has variable radial velocity. Four of our NM stars were also considered non-members by Scott et al., while two others were classified as members on the basis of radial-velocities in that study.
Membership estimates for six stars are classified as uncertain (U). M1244 is a nonmember star by P(µ) = 2%, but its velocity from the present study is consistent with the cluster mean. Five other stars (K193, K605, K859, M125 and M748) have velocities from the present study that are more than 6.6σ away from the mean cluster velocity, but they are considered proper motion members by McNamara & Solomon (1981) or radial velocity members by Scott et al. (1995) .
The mean cluster velocity and its dispersion
The mean cluster velocity and its dispersion were calculated for stars after excluding stars whose velocity is deviant by more than 2σ. Stars excluded are constant velocity members (MC) K526, K692 and K1114, and variable velocity members (MV) K160, K489, K491, Below we summarise previous determinations of the mean cluster velocity.
• Stryker and Hrivnak (1984) found that the mean radial velocity of NGC 7789 is −54 km s −1 from three giants, K319, K415, K489, during a study of the radial velocity variations in the blue stragglers from image-tube spectra at a dispersion of 30Å mm −1 .
K319 was noticed to be a velocity variable, which is confirmed by our observations, while we demonstrate that K489 is also a velocity variable.
• Moderate-resolution spectroscopic observations (Friel et al. 1989) , with an accuracy of 10 km s −1 , for 12 NGC 7789 giants gave a mean cluster velocity of −57 ± 7 km s −1 .
Our study indicates that four of their stars (K491, K637, K737, K977) are probable velocity variables. It is interesting that their result and ours are similar for K605 and K859, for which we don't give any membership assessment since the velocity of K605
is too high and our observational errors for K859 are too large.
• Recently, Scott et al. (1995) accuracy. However, they adopted −57 km s −1 for their kinematic study in open clusters after considering their low accuracy and comparing with the results of Friel et al. (1989) and with the unpublished data of Hesser and McClure, which were the preliminary results of the present paper.
The radial velocity variables
The sparse data sampling for most of the stars, even with an observation baseline extending up to 6000 days, makes it difficult to determine orbital elements. With a 99%
confidence level that errors are non-random, 25 stars are identified as probable radial-velocity variable stars. The ratio of external and internal errors, E/I, of 20 of those stars is more than 2, considered as the minimum value for variability in past studies (e.g., Stryker & Hrivnak 1984) . The remaining five have E/I > 1.6. Assuming all MV stars are binaries, the overall binary frequency is 32% (25/78), which is similar to the mean binary frequency, 25% to 38%, from previous studies of open cluster, as mentioned in section 1.
Several spectroscopic studies of globular-cluster giants have shown that more velocity variability is found among stars near the tip of red giant branch than for stars with fainter magnitudes. This is believed to arise from convective or pulsational motion in their atmosphere (Pryor et al. 1988; Côté et al. 1996) . However, such a trend is not found in our data for NGC 7789.
The apparent distribution of red giants of radial velocity variables
Mass segregation during the dynamical evolution of clusters has been predicted by numerical simulations (Spitzer & Mathieu 1980) , and confirmed by several studies of the radial distribution of stars with different masses (Latham 1985; Abt 1980) . The cumulative distri--10 -bution of stars in NGC 7789 with constant velocity and with variable velocity is shown in Fig. 2 . Although the variable stars appear to be more centrally concentrated, as expected if they are binaries of higher total masses than single stars, a Kolmogorov-Smirnov test gives a probability of only 85% that the distributions of stars with constant radial velocity (presumably single stars) and with variable radial velocity (presumably binaries) are different. Note, however, that with an age log t = 9.13 (Carraro & Chiosi 1994) , NGC 7789 would fall in the second group of three open clusters considered in a similar analysis by Raboud & Mermilliod (1994) . They found the difference to be significant at the 87.9% level. Taken together, the joint probability that the apparent radial segregation of spectroscopic binaries is due to chance is of order 15% × 12% ≈ 2%. Therefore, the combined data for NGC 7789 (present study) and NGC 2362, 2477, 6940 (Raboud & Mermilliod 1994) show mass segregation at the 98% confidence level.
Color-magnitude diagram of the red giants in NGC 7789
In the CMD of the red giants in NGC 7789 (Fig. 3) , the distribution of stars in the well- The cluster mean velocity was found to be −54.9 ± 0.12 km s −1 and its dispersion 0.86 km s −1 using 47 stars with constant velocity. Twelve additional stars with one RVS observation were also selected as members on the basis of both their radial velocities and their proper motions.
Overall a frequency of 32% for radial-velocity variables is consistent with that published for other clusters. The binary frequency for the more luminous giants and clump stars is similar.
The radial-velocity variables seem to be slightly more concentrated toward the center than stars with constant velocity. When taken alone, this result is significant only at the 85% level. However, three additional clusters of the same approximate age studied by Raboud & Mermilliod (1994) show the same effect, which strongly suggests that mass segregation is being detected in these four clusters. More observations are needed to obtain orbital elements for the stars which have variable radial velocities.
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